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ABSTRACT  
Microorganisms are regarded as the oldest and most abundant life form on earth and their importance to man cannot 
be over emphasized. They are the occupants and architect of the biosphere maintaining metabolic cycles essential for 
life. The aim of the study was to explore the benefits and detriments of bacteria associated with kolanut soil plantation 
and waste to man and the environment.  Bacterial was isolated from kolanut soil plantation, decayed, decaying and 
fresh kolanut waste (testa and husk) obtained from Ilara-Mokin (Ondo State) and Owena-Osun (Osun State), Nigeria 
following standard procedures. Thirteen isolates with distinctive morphological and physiological characteristics 
were identified using molecular techniques and Sanger sequencing was employed to detect labelled chain-terminating 
nucleotides that are incorporated by DNA polymerase during replication of the templates. The genus of bacteria 
identified included; Bacillus, Enterobacter, Citrobacter, Klebsiella, Pseudomonas, Marinobacter, Staphylococcus, 
Lysinibacillus, Providencia, Erwinia. The most dominant genus however was the Bacillus, Pseudomonas and 
Citrobacter. A good number of the bacteria isolated can be explored for production of products such as enzymes, use 
as biocontrols and for environmental cleanups. 
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1. INTRODUCTION  
The oldest and most abundant life form on planet is 
bacteria and their phages. They are the governing 
occupants and architect of the entire biosphere, 
sustaining the metabolic cycle essential for life on earth 
[1].Microorganisms are essential to man and the 
survival of the ecosystem at large. Over the years, they 
have been explored by man in the fields of medicine, 
agriculture, food and textile industries. The ability to 
study microbial community with its complexity and 
functions as a whole has been made easier by recent 
technological advances such as next-generation 
sequencing, metagenomics, genomics, proteomics and 
transcriptomics [2]. Even though these techniques 
provide unprecedented access to genomic potentials, 
gene regulation, expression and function in situ, 
Nigeria is one of many developing countries lagging 
behind in these technologies. Nigeria has the arid land 
which supports numerous microbial communities in 
addition with the agricultural wastes generated from 
agricultural practices but the technology is not readily 
available to explore the microbial world effectively and 
efficiently.  
Most environment harbors an exquisite diverse 
collection of microbial species which compete with 
their neighbors for space and resources. 
Microorganisms have mechanisms by which they can 
impair or kill other microbes and interactions between 
and within bacterial species can profoundly impact the 
outcome of competition [3]. The human race has 
plunged deeply into natural resources and as it is at 
present, development path is not sustainable. A major 
reason for this is connected to a growing population in 
an interconnected but unequal and human-dominated 
world which is undermining the Earth’s essential life-
support systems without replacing it.  A response to the 
situation is through science and awareness across 
many disciplines and countries of the need for 
synthesis and integration, which is being reflected in 
development of multidisciplinary research efforts and 
institutions [4].  The use of biotechnological tools has 
made the use of microorganisms for production of 
useful substances to man and conversion of waste 
easier and interesting.  Scientific efforts such as use of 
by-products from microorganisms can be used to 
promote the goals of a sustainability which will meet 
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human needs while preserving the life support systems 
of the earth. 
 
2. MATERIALS AND METHODS  
2.1 Sample Collections 
Kolanut husk, kolanut testa and kolanut plantation soil 
were collected (irrespective of the kolanut specie) from 
kolanut farm located in Owena-Ijesha, Osun State and 
Ilara-Mokin, Akure, Ondo state, Nigeria. The samples 
were transported down to Department of Microbiology, 
The Federal University of technology, Akure in a Ziploc 
bag for analysis.  
 
2.2 DNA Extraction  
The DNA was extracted using the Fungal Bacterial DNA 
Zymo Research extraction kit supplied by Inqaba, South 
Africa. The extraction was carried out according to 
manufacturer’s procedure.  
 
2.3 DNA Quantification  
The purity and quantity of DNA was determined using 
Nano-drop 1000 spectrophotometer (model no: ND 
1000 UV/VIS- 1844; make: USA). The machine 
measures DNA quantity in ng/µl and DNA purity at 
260/280mm absorbance. 
 
2.4 16S rRNA Amplification 
The 16S rRNA region was amplified using the 27F and 
1492R primers on ABI 9700 Applied Biosystems 
thermal cycler at a final volume of 50 microliters for 35 
cycles. The PCR conditions were as follows: Initial 
denaturation, 95ºC for 5 minutes; denaturation, 95ºC 
for 30 seconds; annealing, 52ºC for 30 seconds; 
extension, 72ºC for  30 seconds  for 35 cycles and final 
extension 72ºC for 5 minutes. The product was resolved 
on a 1.5% agarose gel at 120V for 15 minutes and 
visualized on a UV trans illuminator.The band sizes 
were estimated by comparison with 1000bp molecular 
weight marker (Quick-Load DNA molecular ladder).  
 
2.5 Primer Sequence  
The 16S rRNA region of the isolate’s DNA was amplified 
using the 27F and 1492R primers 27F-




Sequencing was done using the BigDye Terminator kit 
on a 3510 ABI sequencer by Inqaba, Pretoria South 
Africa. 
 
2.7 Phylogenetic tree  
The evolutionary history was inferred by using the 
Maximum Likelihood method based on the Jukes-
Cantor Model [5]. Evolutionary analyses were 
conducted in MEGA7. 
 
3. RESULTS AND DISCUSSION  
A variety of microorganisms have been observed to 
dominate different environment based on their 
adaptation abilities. One of the species of Bacillus 
isolated in this work was Bacillus thuringiensis.  
Bacillus thuringiensis is a Gram-positive rod, anaerobic, 
spore forming saprophytic bacterium considered to be 
a variety of Bacillus cereus [6]. The organism was 
isolated in fermenting decayed/fresh kolanut husk and 
plantation soil. Bacillus is a well-known indigenous and 
persistent bacterial to the soil environment [7, 8]. 
Bacillus thuringiensis occurs as a normal flora in the 
gut of caterpillars such as moths and butterflies, on leaf 
surfaces, aquatic environments, animal feces, insect-
rich environments, flour mills, deciduous and grain 
storage tanks [9, 10, 11]. Researchers such as Staley et 
al. [12], Roh et al. [13], Steinhaus [14] have all reported 
the isolation of this bacterium from different sources. 
Bacillus thuringiensis is nontoxic to people, pets and 
wildlife but the protein produced in them is toxic to 
insects. The toxin paralyzes insect’s digestive system 
causing the insect to stop feeding within hours 
resulting in its death. This potential of the organism can 
be explored for production of biocontrol in large 
quantities since bacteria are generally known to be fast 
growers. Bacillus thuringiensis are also known to be 
protease producers, and the proteases have been used 
in processing inactive protoxins [15]. However, this 
organism is among the most difficult to classify due to 
its physiological characteristics and morphology [16].  
In order to correctly classify microorganisms generally, 
it is important to adopt the molecular method of 
identification because it is more accurate and reliable 
than the conventional method of which classification 
made is dependent on the number and types of 
biochemical test carried out. 
Enterobacter ludwigii is another bacterium isolated in 
the course of isolation from decaying husk, testa and 
fermented fresh husk, belonging to the genus 
Enterobacter and characterized as a Gram-negative 
fermentative microorganism with motile rod [17]. 
Hoffmann et al. [18] documented habitats from which 
Enterobacter ludwigii could be found and among the 
sources listed were; blood, urine, tissue fat, elm tree 
and other plant types. Enterobacter ludwigii was 
described by Paauw et al. [19] to be an Enterobacter 
cloacae complex type of specie. This particular group 
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has been regarded to be of clinical significance, other 
related species in this group included; E. cloacae, E. 
asburiae, E. hormaechei, E. kobei and E. nimipressuralis 
[20]. Among these species, E. ludwigii has been 
reported to be isolated from clinical specimens and 
nominated as a new species in 2005 [18, 21]. One of the 
sources of isolation of this particular bacterium was 
decaying kolanut husk and testa from farm site. The 
bacterium could have colonized the waste from the soil 
during decay as source of nutrient. Unavailability of 
lavatory on farm sites result in defecating on farm 
lands by farmers and by so doing release such 
microorganism into the environment. This calls for 
proper environmental management as some of the 
microorganisms discharged with human waste are 
pathogenic. During raining season, there will be runoff 
of such human waste into water bodies from which the 




Fig 1: Agarose gel electrophoresis picture showing the 16S rRNA gene band (1500bp) of isolates. Lane 1-8 and 9-16 
represents the isolates while lane M represents Quick- Load 1kb DNA ladder. 
 
Table 1: List of isolated bacteria and strain with the gene bank/accession number 
S/NO Identity by bacteria molecular method Gene bank/accession number  
1 Bacillus thurigensis strain TB8 gi/1366793970|MH085464.1 
2 Enterobacter ludwigii strain TB9 gi/1366793971|MH085465.1 
3 Citrobacter amalonaticus strain TB1 gi/1366793963|MH085457.1 
4 Klebsiella oxytoca strain TB11 gi/1366793973|MH085467.1 
5 Pseudomonas stutzeri strain TB12 gi/1366793974|MH085468.1 
6 Citrobacter amalonaticus strain TB10 gi/1366793972|MH085466.1 
7 Marinobacter shengliensis strain TB13 gi/1366793975|MH085469.1 
8 Bacillus niacini strain TB2 gi/1366793964|MH0885458.1 
9 Pseudimonas putida strain TB3 gi/1366793965|MH085459.1 
10 Staphylococcus succinus strain TB4 gi/1366793966|MH085460.1 
11 Lysinibacillus sphaericus strain TB5 gi/1366793967|MH085461.1 
12 Providencia rettgeri strain TB6 gi/1366793968|MH085462.1 
13 Lysinibacillus fusiformis strain TB7 gi/1366793969|MH085463.1 
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Figure 2: Molecular Phylogenetic analysis by Maximum Likelihood method of isolated bacteria from kolanut soil 
plantation and wastes 
 
Citrobacter amalonaticus isolated from decaying 
kolanut husk from farm site and surface soil from 
kolanut plantation farm was shown to be categorized 
as a Gram- negative, rod-shaped bacterium, which uses 
citrate as its sole carbon source. Other sources from 
which the bacterium can be isolated from as reported 
by Don and Farmer [22] included; soil, water, sewage, 
food, faeces, intestine, urine clinical samples and in 
animals such as bat. In bats, Whitaker et al. [23] 
reported that Citrobacter amalonaticus have ability to 
breakdown chitin from partially digested insects. This 
makes them unique because no other vertebrate 
naturally has enzyme that can breakdown chitin found 
in insects. This microorganism can be harnessed for 
production of chitinase enzyme which could be used 
for example, in breaking down cell wall of fungus 
known to be more rigid as compared to that of 
bacterium. Another potential of the bacterium 
documented by other researchers is its ability to 
accumulate metals from the environment. When 
organic phosphates are available, the bacterium is able 
to break them down and use phosphate to attract metal 
ions in its environment even in small concentrations. 
This bacterium is useful in the removal of uranium and 
other harmful materials from contaminated water or 
soil [24, 25].  Klebsiella oxytoca a Gram-negative, rod 
shaped bacterium isolated predominantly from kolanut 
waste in the study. It is closely related to Klebsiella 
pneumoniae with ability to colonize plant hosts and fix 
atmospheric nitrogen into forms which plants can 
utilize. According to Raikher et al. [26], Klebsiella 
oxytoca can be found in a wide range of environment 
because they are ubiquitous and opportunistic in 
nature. The bacterium has been documented to have 
importance such as ability to mineralize iron salt 
solution to produce ferrihydrite nanoparticles and was 
determined to have magnetic properties useful in 
bioengineering and nanomedicine. In addition to this, it 
has the ability to breakdown cyanide a chemical 
extremely toxic to humans [26, 27]. Some waste water 
contain cyanide, and treatment of this waste before 
discharge in to the environment makes use of methods 
such as alkaline chlorination and wet air oxidation 
which have been reported to be extremely expensive 
and reagents used are hazardous. Since Klebsiella 
oxytoca has been shown to have ability to degrade 
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1mM cyanide into ammonia they can be used to replace 
the use of chemicals [27]. This calls for researchers to 
look into the molecular aspect of this bacterium’s 
performance.   
Pseudomonas stutzeri was isolated from kolanut 
wastes and plantation soil however their populations 
differ. It is as Gram-negative, rod-shaped bacterium 
known for its diverse metabolism with a single polar 
flagellum [17]. Soil and marine waters are two major 
environments researchers have found Pseudomonas 
stutzeri to inhabit. In soil, the organism is found on the 
rhizosphere of growing plants while in the marine 
environment, it resides in the water column and 
sediment as reported by Lalucat et al [28]. Due to the 
ability the bacterium has, it can inhabit diverse 
environments, carry out extensive range of metabolic 
functions and play important role in nitrogen cycle [28, 
29]. Chen et al. [30] reported the organism’s applicable 
in bioremediation and waste water treatment due to its 
ability to metabolize a wide range of substrates. The 
microorganism is able to achieve this by natural 
transformation which allows for access to nutrient 
from the environment, absorb the nutrient into the cell 
and integrate it into its genome. This mechanism is 
suggestive to be what gives them ability to adapt 
quickly to changing environmental conditions and 
contribute to its vast distribution. Marinobacter 
shengliensis was isolated majorly from kolanut 
plantation soil. It is known to be a Gram-negative, 
moderately halophilic, aerobic, motile and rod-
shaped bacterium from the genus Marinobacter with a 
single polar flagellum. Glucose fermentation, Indole 
production and nitrate reduction are some of the 
characteristics this organism has. Acid is not usually 
produced from fructose, lactose, maltose, mannitol and 
sucrose. The bacterium was first isolated from Shengli 
Oilfield in China, from where it obtained its name 
shengliensis. The organism shares similarities with M. 
vinifirmus, M. excellens and M.  hydrocarbonoclasticus 
[31, 32]. Other sources from which Marinobacter genus 
can be isolated includes; wastewater, hot spring [33], 
seawater [34], hydrothermal sediment [35], marine 
sediment, saline lake [36] and saline soil [37]. Bacillus 
niacini was isolated from kolanut waste and soil in the 
study with varying population counts. They are 
classified by Bergey’s manual [17] as aerobic 
endospore forming rods which have a Gram variable 
reaction when the cells are grown on nicotinate agar. 
Their colonies on nutrient agar are about 3 to 5 mm in 
diameter, smooth and having light beige centers 
surrounded by translucent areas of variable extension. 
It grows best between pH 7 and 8, temperature range 
of 10o C to 40 o C and all strains produce acid from 
fructose, galactose, glucose, maltose, sucrose, and 
xylose. Nagel and Andreesen [38] mentioned a 
distinguishing characteristic of Bacillus niacini as 
having ability to reduce nitrate to nitrite anaerobically. 
Pseudomonas putida is a Gram-negative, rod shaped, 
flagellated bacterium found in most soil and water 
habitats where there is oxygen. Just as recorded in this 
study, the bacterium was isolated from kolanut husk 
and majorly from the soil. Espinosa-Urgel et al. [39] 
reported its ability to colonize plant roots and during 
which a mutual relationship is created between the 
plant and the bacteria. This occurs in such ways that, 
the plant allows the bacterium access nutrients from its 
root and in turn, the organism induces growth of the 
plant and protects it from pathogens. This ability has 
made the bacterium useful in bioengineering research 
to develop biopesticides and improve plant health. 
Another intriguing potential of the bacterium is its 
ability to breakdown aromatic and aliphatic 
hydrocarbons, degrade organic solvents such as 
toluene and convert styrene oil to degradable plastic 
polyhydroxyalkanoates (PHA) which helps degrade 
polystyrene [40]. This is an indication that the 
bacterium has strong appetite for organic pollutants 
and can therefore be used as laboratory workhorse for 
research on bacteria-remediated soil processes.  
Pseudomonas putida has also been reported to interact 
with other organisms in the soil and one of such 
interactions is with Saccharomyces cerevisiae in the 
rhizosphere. Saccharomyces cerevisiae produces 
glucose and pH favorable to both organisms while 
Pseudomonas putida in turn protects the plant [41]. 
This is a good and economical way of protecting plants 
from diseases caused by pathogenic bacteria, fungi and 
viruses alike. It will be a good plant disease control 
mechanism because Shash [40] has documented the 
fact that Pseudomonas putida lack virulence genes. The 
bacterium will be able to withstand environmental 
stress due to its diverse control of proteins such as 
protein modification/repair, folding/stabilization, 
degradation of proteins, peptides,  glycopeptides and 
presence of sideospores an iron chelating compound 
which allows the bacterium enhance some levels of 
iron and promote an active transport chain [42]. 
Staphylococcus succinus was isolated from the kolanut 
wastes fermenting medium and plantation soil. 
According to Bergey’s manual [17], Staphylococcus 
succinus is a Gram-positive coccoid bacterium, Voges-
Proskauer negative, phosphatase positive, acid and gas 
are produced from lactose and mannose but cannot 
reduce nitrate to nitrite. However, they are regarded as 
STUDY OF BACTERIAL ASSOCIATED WITH KOLANUT SOIL PLANTATION AND WASTE LOOKING AT THEIR BENEFIT TO… T. B. Fabunmi, et al 
 
Nigerian Journal of Technology  Vol. 37, No. 4, October, 2018          1133 
difficult and ambiguous to classify because no clear 
biochemical test are available for accurate 
identification and characterization. It has been isolated 
from fermented and fresh sausages, cheese and skin of 
healthy wild animals [43]. Staphylococcus succinus was 
first described in 1998 and isolated from 35million 
year old Dominican amber [44, 45].  Staphylococcus 
succinus role in pathogenesis has not yet been clarified 
[46]. 
 Isolate of Lysinibacillus sphaericus was obtained from 
kolanut waste and plantation soil in the study. They are 
Gram-positive, mesophilic, facultative anaerobe, rod 
shaped bacterium which can form dormant endospores 
to resist heat, chemicals and ultraviolet light also with 
able to metabolize polysaccharides [47]. Lysinibacillus 
sphaericus will hence undergo metabolism and growth 
only when the conditions are favourable and proper 
nutrients are available. However, there is a unique 
ability associated with Lysinibacillus sphaericus which 
is, the release of toxin into the gut of mosquito larvae 
thus causing the larvae to stop eating resulting in its 
death. In general the bacteria have an excellent 
capability to control Culex and Psorophora but less 
effective against Aedes, Mansonia and Ochlerotatus 
[48]. Lysinibacillus sphaericus is regarded as a 
common environmental organism which produces 
insecticidal toxin similar to that produced by Bacillus 
thuringiensis. Interestingly, Lysinibacillus sphaericus is 
also known as Bacillus sphaericus, the genus change 
was proposed by Ahmed et al. [49] due to the 
distinctive peptidoglycan composition of the cell wall, 
phylogenetic and physiological analyses. Lysinibacillus 
sphaericus can be used as a starter component in 
yoghurt because it has probiotic properties such as 
anti-inflammatory properties.  It can be used as starter 
culture because it is not significantly harmful to 
humans [50]. Providencia rettgeri is one of the 
numerous microorganisms isolated from kolanut 
plantation soil. It is a group of Gram-negative, motile 
bacterium belonging to the family Enterobacteriaceae. 
Providencia rettgeri was named after Rettger L.F an 
American bacteriologist who first isolated the organism 
in 1904. The bacterium is an opportunistic pathogen 
which causes urinary infection and other infections 
such as diarrhea and eye infection.  Providencia rettgeri 
can be identified by its motility and its ability to 
produce acid from mannitol [51]. This characteristics 
where observed but was identified as Proteus mirabilis 
using conventional method instead of Providencia 
rettgeri obtained using molecular method. 
Lysinibacillus fusiformis was also isolated from kolanut 
waste and plantation soil. It is a Gram-positive, non-
motile, rod shaped bacterium of the genus 
Lysinibacillus.  Priest et al. [52] reported it to have the 
ability to form inactive spherical endospore under 
strenuous condition to resist high temperature, 
damaging chemicals and ultraviolent light. Prior to 
2007, Lysinibacillus fusiformis was originally known as 
Bacillus fusiformis when it was reclassified to the 
genus Lysinibacillus along with its close relative 
Bacillus sphaericus [49]. The reassignment of the 
organism was due to the distinctive characteristics of 
Lysinibacillus fusiformis such as physiology, phylogeny 
and its peptidoglycan composition. Lysinibacillus 
fusiformis is a naturally occurring bacterium and 
different strains have been isolated from farm soil and 
factory waste water.  It is known to be mesophilic, 
mildly alkaliphilic and halophilic growing best at 
temperature range of 17-37o C, pH range of 6-9.5 and in 
NaCl concentration of 2-7%.  Priest et al. [52] made an 
important documentation about this particular 
organism indicating that it can only occur in a 
symbiotic relationship with certain species of 
spirochaete. From the metabolic standpoint, 
Lysinibacillus fusiformis and Lysinibacillus sphaericus 
can be regarded as been identical because the only 
known distinguishing factor is that Lysinibacillus 
fusiformis is positive for urease while the other is 
negative. Modern molecular biology and rapid 
advancement in computational science have led to the 
generation of nucleic acid sequence, bioinformatics 
tools and phylogenetic inference methods. 
Phylogenetic analysis has played a significant role in 
microbiology, the emerging fields of phylogenomics 
and comparative genomics is helping researchers 
understand roles microorganisms play in the 
environment [53]. Phylogenetics was used to 
understand the pattern by which the isolated 
microorganisms were genetically related to each other 
and thus trace their ancestry and level of evolution 
(Fig. 2). The clades/monophyletic groups observed on 
the phylogenetic tree constructed for the bacterial 
isolates in the study indicated a higher level of 
relatedness among the isolates and also some degree of 
genomic divergence. One major factor that causes 
divergence of microorganisms from their ancestry 
linage is adaptive radiation. A simultaneous evolution 
in genetic and ecological diversity of a single linage 
results in multitude of new forms, especially when a 
change in environment creates new challenges, makes 
new resources and/or open new environmental niches 
[54]. Fietz et al. [55] reported that adaptive radiation 
has been argued to be the resultant effect of divergent 
selection for specialization, which is believed to be 
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caused by differences in the resources available among 
habitats and from competition for resources within the 
habitat. In a research work on population divergence 
and gut microbial composition of marine fishes 
conducted by Fietz et al. [55], it was discovered that 
elevated divergence occurs not only in response to 
change in salinity or other related natural selection, but 
also correlates with the bacterial composition of the 
water. This gave a hint to the influence of the 
environment and what it contains on genetic 
divergence of living organisms generally. 
 
5. CONCLUSION 
Without doubt, some microorganisms can be used to 
replace some synthetic chemical products used in our 
environments, detrimental to man and the entire 
ecosystem at large. They can be used to sustain the 
dying ecosystem and reduce dependence on rapidly 
declining natural resources. It is time to explore these 
creatures for cleanup of the environment from toxic 
compounds, use as biocontrols instead of chemicals, 
source of enzymes and other important products 
beneficial to man. From the findings of this study, it is 
clear that soils and agricultural wastes harbors large 
variety of important microorganisms of value to man. It 
is suggestive therefore that researchers dwell more on 
these vast and abundant substrates for novel 
microorganisms and their metabolic products. Further 
work is required on this study to establish the function 
and complexity of the microbial community which will 
provide unprecedented opportunities to assess the 
gene regulation, gene expression, genomic potential 
and function in situ.  
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